WO 2005/006563 



1 



PCT/EP2004/007158 



Error correction method for Reed- Solomon product code 

The present invention relates to soft-decision decoding of 
Reed-Solomon product codes. It further relates to a system for 
5 correcting errors in a Reed-Solomon product code. 

For optical recording media such as digital versatile disks 
(DVD) a Reed-Solomon (RS) product code is used for error 
correction. The data frames stored on the recording medium 

10 include horizontal and vertical parity data for correcting 
errors in the frame per rows and columns. The data rows and 
columns of the frame constitute so-called product-codes. In the 
case of a DVD, the outer code is an RS code (208 , 192, 17 ) , while 
the inner code is an RS code (182 , 172, 11) . Therefore, in this 

15 case one data frame consists of 208*182=37856 bytes. 

Multipass devices save at least two data frames in a memory. 
One data frame is saved for input /output and the second is 
saved for correction. Current systems save the data either in 
20 an external SDRAM (Synchronous Dynamic Random Access Memory) or 
in an internal SRAM (Static Random Access Memory) . Due to 
random accesses during correction of the errors, the SDRAM 
approach is significantly slower than the approach using 
internal SRAM. 

25 

US 6,032,283 discloses an implementation of a DVD controller. 
The input/output streaming and correction is done in an 
external SDRAM. For fast processing an internal SRAM is used. 
Syndromes are saved in the internal SRAM, while correction is 

30 done in the external SDRAM. During correction the orthogonal 
syndromes are updated with error values. Therefore, additional 
hardware is required, but the process is accelerated. The 
disclosed implementation has a disadvantage that random 
accesses to the SDRAM are required, which slow down the 

35 correction. The internal SRAM consumption for multipass 

correction in that implementation is about 2*4992=9984 bytes. 
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It is an object of the invention to propose an improved method 
for error correction, 

5 According to the invention, this object is achieved by a method 
for error correction of an encoded data stream including the 
steps of: 

- saving the demodulated data stream in an input buffer; 

- performing a first correction process on-the-fly in the input 
10 buffer; 

- transferring the data to an external DRAM after first inner 
correction; 

- copying the data from the external DRAM to an embedded SRAM; 

- starting a multipass correction in the embedded SRAM; and 

15 - copying the corrected data back from the embedded SRAM to the 
external DRAM after the multipass correction. 

The method uses a mixture of external DRAM and internal SRAM. 
The input/output streaming is performed by a comparatively slow 
external DRAM, while the correction is performed in a fast 

20 internal SRAM. Therefore, the data from the external DRAM are 
copied into the fast internal SRAM only for correction. After 
the first correction process, the so-called "Inner 1" , the data 
is streamed to the external DRAM. After gathering a full ECC 
block in DRAM the data is streamed to an embedded internal 

25 SRAM. The ECC block is corrected via a multipass correction in 
the embedded SRAM and streamed back after completion. In this 
way the number of random accesses to the external DRAM is 
reduced. If the errors are sorted, the u Inner 1" correction 
process and the transfer of the data can be performed at same 

30 time. Furthermore, the size of the internal SRAM is also 

reduced. The internal SRAM correction simplifies the hardware 
complexity during the correction process. 

According to another aspect of the invention, a device for 
35 error correction of an encoded data stream includes: 
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- an input buffer for saving the demodulated data stream and 
performing a first correction process on-the-fly; 

- an external DRAM to which the data are transferred after 
correction; 

5 - an embedded SRAM for performing a multipass correction on the 
corrected data; 

- means for copying the data frame from the external DRAM to 
the embedded SRAM; and 

- means for copying the corrected data back from the embedded 
10 SRAM to the external DRAM after the multipass correction. 

Such a device, as it is an implementation of the method 
according to the invention, has the advantage that the required 
SRAM and the random accesses to the DRAM are reduced. 
Furthermore, due to the internal SRAM approach high multipass 
15 correction is enabled. 

Favourably, the data stream includes data frames consisting of 
data rows and columns including horizontal and vertical parity 
data for correcting errors in the data frame. An example for 
20 such a data stream is a data stream which encoded with a Reed- 
Solomon product code. This type of error correction code is 
widely used for coding data streams on recording media, which 
makes the invention applicable to a variety of different data 
streams . 

25 

Advantageously, the size of the input buffer is at least twice 
the number of bytes per row of the data frame. This makes it 
possible to save the next received row of the data frame while 
correcting the present row of the data frame. 

30 

Favourably the input buffer is an SRAM. An SRAM allows fast 
random accesses to the stored data. This further increases the 
correction process. 

35 Advantageously, status bits are stored in a status memory 

during the correction process, the status bits indicating if a 
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row of the data frame is correct or not. These status bits are 
then used by a control unit for determining and starting the 
process for a specific codeword. 

5 Favourably, a method or a device according to the invention is 
used by an apparatus for reading from and/or writing to 
recording media. 

For a better understanding of the invention , an exemplary 
10 embodiment is specified in the following description with 

reference to the figures. It is understood that the invention 
is not limited to this exemplary embodiment and that specified 
features can also expediently be combined and/or modified 
without departing from the scope of the present invention. In 
15 the figures: 

Fig. 1 shows a block diagram of data acquisition and the 

horizontal pass 1; 

20 Fig. 2 shows the process flow of the multipass correction; 

and 

Fig. 3 shows the data flow timing of SRAM2 /SDRAM. 

25 In the following the invention is explained with reference to 
synchronous dynamical random access memory (SDRAM) . However, 
the invention is applicable to any kind of dynamical random 
access memory, e.g. double data rate RAM (DDR-RAM) , enhanced 
synchronous DRAM (ESDRAM) , synchronous link DRAM (SLDRAM) , 

30 Rambus DRAM (RDRAM) , etc. Furthermore, reference is made to 
optical systems used for digital versatile disks. Of course, 
the invention is also applicable to other types of disk systems 
and also other applications using similarly encoded data 
streams . 



35 
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On a DVD the input data are packed in interleaved ECC blocks. 
An error correction code (ECC) block comprises 208 rows times 
182 columns of symbols , whereby one symbol corresponds to one 
byte. 

5 

For decoding a DVD data frame the following procedures are 
performed: 

• Inputting and sorting the data according to the frame 
numbers 

10 • Deinterleaving the ECC block 

• Correcting the ECC block horizontally (Pi-correction; 
inner correction) 

• Correct the ECC block vertically (PO-correction; outer 
correction) 

15 • Multipass: Performing horizontal and vertical correction 

again r if necessary 
© Descrambling the data frame 

© Performing an EDC (error detection code) check on the data 
frame 

20 

Two types of corrections are performed during the data flow: 
© Horizontal: correcting 208 rows with (182,172,11) RS codes 

• Vertical: correcting 182 columns with (208,192,17) RS 
codes 

25 

According to the invention an input buffer 2 and one SRAM bank 
11 holding the data for one ECC block are used. The first 
correction pass, the so-called "innerl" correction, is done on- 
the-fly, while the multipass correction is done in the embedded 

30 SRAM bank 11. A brief description of the data-flow during the 
two correction processes is given in the following. 
For the first correction process, the demodulated data stream 
of a block ECC n is saved in a small embedded SRAM1 2, referred 
to as "input buffer". The correction of the block ECC n is 

35 performed on-the-fly in the embedded SRAM1 2. After correction 
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of innerl the data of the block ECC n are transferred to an 
external SDRAM 3 and a status bit for the next orthogonal pass 
is set in the status memory 12. 

For the second correction process, after receiving a full block 
5 ECC n in the external SDRAM 3 the multipass corrected data of a 
previous block ECC n -i is read out from the embedded SRAM2 11 
back to the external SDRAM 3 while the block ECC n is copied from 
the SDRAM 3 to the SRAM2 11. During copying of data the status 
memory 12 is read and the erasure positions are calculated . 
10 After receiving a full block ECC n in the embedded SRAM2 11 , the 
multipass correction is started. Both processes acquisition and 
multipasses are working independently from each other. 

In Fig. 1 a block diagram of acquisition and the horizontal 

15 pass 1 is shown. An input controller 1 saves one row of the 

block ECC n in the input buffer 2. The size of the input buffer 2 
favourably is at least twice the number of bytes per row in 
order to allow to save the next received row while correcting 
the present row. The input controller 1 detects streaming 

20 discontinuities. Any discontinuities of less than one row 

(byte/frame) are handled immediately in the input buffer 2. If 
streaming discontinuities of one row or more are detected, this 
information is stored and the row is written to the correct 
position of the SDRAM 3 by a deinterleaver 4 . After completing 

25 one row, the input controller 1 starts a horizontal syndromes 
unit 5. The horizontal syndromes unit 5 reads the row from the 
input buffer 2 and computes modified syndromes and an erasure 
polynomial. A key solver and Chien unit 6 solves the equation 
and transfers the error values and positions to a correction 

30 unit 7 . The positions of the first ten acquisition errors are 
stored in a first erasure memory 8. The correction unit 7 
corrects the data of the block ECC n in the input buffer 2 in a 
bytewise access row by row. If a row is uncorrectable, the row 
number is marked as uncorrectable. Therefore, a status bit is 

35 attached to the row, indicating if the obtained codeword is 
correct or not. After correction of one row, the row is 
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transferred to the external SDRAM 3 via the deinterleaver 4, 
taking into account the row number information from the input 
controller 1. If necessary, the deinterleaver 4 jumps row-wise 
in the SDRAM 3 to correct streaming discontinuities detected by 
5 the input controller 1. After acquisition of the complete block 
ECC n , the second process of multipass correction is initiated. 
The uncorrectables are then used as erasures for the next 
orthogonal process . 



10 After receiving one full block ECC n in the SDRAM 3, the data are 
copied to the SRAM2 11. While the next block ECC n +i is streamed 
through the SRAM1 2, the vertical and subsequently the 
multipass correction is performed in the embedded SRAM2 11. The 
process flow of the multipass correction is shown in Fig. 2. In 

15 the figure, in case a pair of numbers is given, the numbers in 
brackets refer to horizontal correction, while the numbers 
without brackets refer to vertical correction. A copy unit 9 
copies the data of the block ECC n into the embedded SRAM2 11. It 
further maps the above mentioned status bits into the status 

20 memory 12 of the "Innerl" pass and computes the erasure 

positions of uncorrectable errors, which are written into a 
second erasure memory 10. The second erasure memory 10 stores 
the positions of up to 16 rows/10 columns, which were 
uncorrectable in the previous correction process. After 

25 receiving the full block ECC n , a control unit 14 is started. The 
control unit 14 reads the last written status of the codeword 
from the status memory 12. According to this status the process 
for the codeword is started. The syndrome generator 5 reads the 
erasure of the last orthogonal process and computes the 

30 syndromes of the codeword. After computation of the syndromes, 
it starts the key solver and Chien 6 search algorithm with the 
syndromes and the last orthogonal erasure positions. The 
correction unit 7 corrects the ECC block in the SRAM2 11 in a 
bytewise access, saving the status of the codeword back into 

35 the status memory 12. An output /descrambler 13 descrambles the 
data stream, performs an error detection code check, and copies 
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the data back to a DRAM track buffer area. The 
output /descrambler 13 may further perform a sector filtering. 

The memory needed for the process flow can be summarized as 
follows : 

• Erasure Memoryl, 10 bytes per row of SRAM1 

• Status Memory , 390 bit =49 bytes 

• Erasure Memory2, 16 bytes 

• SRAM1 < 4 kbyte 

• SRAM2 37856 bytes 

Figure 3 shows a more detailed timing structure of the SRAM 
behaviour. The streams between SRAM and SDRAM reduce the time 
left for multipass correction. From the figure it can be seen 
15 that the two processes described in Fig. 1 and Fig. 2 are 

decoupled. The stream from the input buffer 2 to the SDRAM 3 is 
critically temporally linked to the data input, whereas the 
streams from the SDRAM 3 to the SRAM2 11 and from the SRAM2 11 
to the SDRAM 3 can be transmitted discretionarily whenever the 
20 bus to the SDRAM 3 is empty. This only depends on the speed of 
the SDRAM buffer. 
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